General and physical chemistry by Chapman, D. L.
ANNUAL REP ORl’H 
GENERAL AND PHYSICAL CHEMISTRY. 
THE custom of reporting on a few only of the many available topics 
has been adhered to. 
Although no revolutionary discovery has been made, progress on 
the old lines has been rapid. Unless all signs are misleading, the 
so-called anomalies of strong electrolytes and of conducting solutions 
in general are on the point of being explained. I n  the correlation 
of the physical properties of substances, and in the determination 
of the dependence of these on the constitution and structure of the 
molecules, notable advances have been made, The once hypotheti- 
cal atoms continue t o  assume more of the features of reality. I n  
a period covered by not much more than ten years, the masses of 
single atoms have been determined accurately by half-a-dozen inde- 
pendent methods, and recently a knowledge of their structure, as 
deduced from modern electrical research, has enabled the calcula- 
tion of many of their natural periods of vibration to be performed. 
The last achievement has been made possible by the adoption of 
the principle, known a8 Planck’s quantum law. Stated in a simple 
form, the law is this: particles of matter emit and absorb energy 
not slowly and continuously, but in “jerks.” I n  other words, the 
process of emission of energy is assumed in all cases t o  be analogous 
to  the process which occurs when a molecule changes into an 
isomeric form. The latter process has always been assumed by 
chemists t o  be a sudden one, and therefore accompanied by a 
sudden evolution of energy. Planck’s hypothesis, therefore, is 
equivalent to the assertion that all energy changes in matter are 
of the same character as those which occur in chemical change. The 
discontinuous character of all chemical change has become so fami- 
liar to chemists that  it has ceased t o  be regarded as strange, or as 
needing explanation. Yet Planck’s generalisation is considered by 
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2 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
some physicists to involve the abandonment of the principle- 
Natura n o n  tacit salturn-and the denial of the continuity of 
dynamical effect. 
The magnitudes of the finite quantities oE energy, or, as they 
are called, quanta, emitted o r  absorbed when particles of matter 
change their state are, in order to  account for the general laws of 
radiation, assumed to be related to the vibratioii-frequency of the 
energy. From the laws of radiation it can be shown that  the 
relation is the extremely simple one: the vibrational frequency of 
the energy of a quantum is directly proportional to the magnitude 
of the quantum. It was calculated by Planck from the total radia- 
tJon from unit surface of heated platinum that the constant, h, by 
which the frequency must be multiplied to give the quantum, is 
6.55.10-27 erg. Bec. 
The Specific Heats of Solids.1 
I f  the atoms of a solid be regarded as rigid points vibrating 
about fixed positions of equilibrium, and acted on by forces propor- 
tional to the displacements from the positions of equilibrium, the 
average energy of each atom should, according to  classical dynamics, 
bs  given by the expression 3 k t ,  and the specific heat of an atom 
by 3k, k being the value of p v / t  for  a single molecule of a perfect 
gas. Therefore, on the above hypothesis as to  the structure of 
solids, the atomic heat of an elementary substance ought always 
to be equal to 3R o r  5-95 cals., a deduction which is in accord- 
ance with the law of Dulong and Petit. Furthermore, Nernst and 
his collaborators have shown that the agreement is still closer a t  
the ordinary temperature if the atomic heats are calculated from 
the specific heats a t  constant volume.2 
A t  lower temperatures, however, the relation of Dulong and Petit 
ceases to hold, the atomic heats of all the elementary substances 
being much lower than a t  the laboratory temperature, and prob- 
ably vanishing entirely a t  the absolute zero. This diminution in 
the atomic heat8 with decreasing temperature can be readily shown 
to  be a direct consequence of the quantum law. Planck has deduced 
that the energy of an electromagnetic resonator of frequency v,  in 
equilibrium with black body radiation of temperature t ,  is given 
hV 
kt 
- 
by the expression k t ~ .  The energy of such a resonator, 
ekt - 1 
See Ann. Ileports, 1912 and 1913. 
W. Nernst and F. A. Lindemann, Zeitsch, Elektrochem., 1911, 17, 817; A. ,  
Planck deduces this formula with the aid of the theory of probability. It can, 
1911, ii, 1059. 
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GEPU’ERAL AND PHYSICAL CHEMISTRY. 3 
deduced on the assumptioli that  the ordinary dynamical principles 
hold, is k t .  Accordingly, to obtain the energy of a vibrator, wemust 
multiply the energy as deduced from the principle of equipartition 
of kinetic energy (which is a consequence of classical dynamics) 
hV 
by the factor kt 
- 
hv * - 
- @ - 1 
By precisely similar reasoning, Einstein has deduce,d that  the 
energy of an atom of a solid must be given by 3kt7, instead 
hV 
kt 
- 
- e k t  - 1 
of by 3kt ,  as demanded by the classical dynamics. In the above 
formula, v is the characteristic vibration period of the atom, which 
in the case of transparent crystals is the frequency of the residual 
radiation. The weakness of the formula is that  it impliet3 that  an 
atom of a solid element has but one characteristic period of vibra- 
tion. The differentiation of the expression with respect to t gives 
of course the specific heat of the atom. 
Narnst and Lindemann,4 with what appears to  be insufficient 
however, be nincli more easily deduced from the well-known thcrniodynnmic formula 
of van’t Hoff 
Q d log, R _ _ -  
Rt2 - dt 
in  the following way. 
Assume tha t  resonators of vibration period v are attached to the molecules of a 
gas. By the quantum law, there will be vibrators possessing aniounts of energy 
given by 0, hv, 2hv, . . . etc., but  no vibrators with intermediate amounts of energy. 
Let the number of vibrators with 0, hit, 2hw, . , . etc. amounts of energy be 
no, n,, n2, . . . etc. respectively. Then by van’t Hoff’s equation 
From this equation i t  follows, by integration with respect to 1 between t = t and 
t = 00, that  
-mhu 
nm = nOe 7 
and therefore the mean energy of a vibrator is given by 
- 3Aw __ - 2hV - hv 
hwe kt + 2 hve kt 
1 + e kt + e kt +. . . etc. 
+ 3hve kt f .  . . etc. 
-hv -2hv  
hv 
e k t -  1 
which reduces to  7 - 
When kt is large in comparison with hv, the  above expression for the mean 
euergy of a vibrator is approximately kt, which is the value deduced from the  
classical kinetic theory. Ann. Report, 1912. 
B 2  
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4 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
theoretical justification, add another term t o  Einstein’s formula 
for the specific heat. 
P. Debyes has deduced an expression for the energy of an atom 
of a solid elementary substance, which is: 
p 9hv3Ju 
J vm3(; - 1>* 
E -  _____--- 
I n  deriving this formula, he assumes that the solid vibrates as a 
whole, and that the vibration-frequencies can assume any value 
from o to v, the energy of frequencies greater than v, being 
negligible. H e  also assumes that the energy of the vibrations is 
equal t o  the, amounts assigned t o  them by the quantum principle. 
He shows how v, can be calculated from the elastic constants of 
the solid. As mentioned in last year’s Report, Debye’s formula is 
in better accord with the facts than those of Einstein, and Nernst 
and Lindeniann. It is a little surprising that the values of v, in 
Debye’s formula, calculated from the elastic constants in accord- 
ance with the theory, do not give such satisfactory calculated values 
of the atomic heats as values of v, obtained from an empirical 
formula proposed by Lindemann.6 
With the view of tmting the three theoretical formulae for  the 
atomic heats of the elements, E. €1. Griffiths and E. Griffiths7 have 
determined with great accuracy the specific heats of the metals 
aluminium, copper, zinc, silver, cadmium, lead, iron, and sodium 
by their method of cooling over a range of temperature extending 
from 120° A. t o  400° A. I n  principle, the experimental method 
consists in measuring (a)  the amount of heat that  must be supplied 
to a metal block in unit time in order to maintain a constant 
difference of temperature between the enclosure and the metal, and 
( 6 )  the rate of cooling of the metal black for  the same difference 
of temperature between the enclosure and the metal. The enclosure 
was kept a t  a low temperature by means of cold air (cooled by 
expansion through a jet) circulated through an enveloping metal 
coil. Heat was supplied to the metal block a t  a constant rate by 
the passage of an electric current through a known resistance 
embedded in the metal. 
The comparison with the formulae was made in each case by 
selecting values of v and v, which made the locus of the specific 
heat-temperature curve coincide most closely with the correspond- 
ing theoretical curve a t  the lower temperatures. It was thus shown 
A ~ L K  Physik, 1912, [iv], 39, 739 ; A , ,  1912, ii, 113-1. 
PhysikaE. Zeilsch., 1910, 11, 609. 
7 Phi2. Tmm.,  1914, [ A ] ,  214, 319; A , ,  ii, 798. 
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GENERAL AND PHYSICAL CHEMISTRY. 5 
that  none of the theoretical formulae is capable of representing the 
results over the entire range of temperature. 
The discrepancies in most cases were greatest a t  the) position 
where the radius of curvature is greatest. I n  the case of sodium, 
the atomic heat a t  3 6 5 O  A. was 7.43, as compared with 6.44 calcu- 
lated from Debye’s formura. 
Several valuable papers dealing with the experimental detlermina- 
tion of the specific heats of solids,** ‘J and the closely allied subject 
of tlie electrical resist’ance of metals a t  very low temperatures lo 
have appeared. 
TJbe Strzccture of Atoms. The Iyzterpretcctiotz of the Liiie Spectra 
Without doubt the most striking investigations of tlie last two 
years have been those in which Rutherford’s11 model of the atom 
and Planck’s quantum hypothesis have been employed t,o interpret 
the line spectra of the elements. According to Rutherford, an atom 
consists of a central positively charged nucleus, the diameter of 
which is a t  least one hundred t.housand times less than that  of a 
complete1 atom. The positively charged nucleus is surrounded by a 
planetary system of negative electrons. On this view, the central 
nucleus, in spite of its minute dimensions, contains almost the whole 
mass of the atom and an excess positive charge of a definite 
number of positive electrons. The number of positive electrons in 
excess of the negative electrons on the central nucleus is by some 
authorities supposed t o  be the samo as the number of the element 
in the periodic table, and is known as the ztomic iiumber.12 The 
chemical properties and even the spectra of the elements appear 
t o  depend almost entirely o n  the atomic number. 
of the Elements. The X-rap Spectra of t h e  Elements. 
Uolw’s Theories of the Line Spectrum. 
I n  a series of papers published a t  intervals during the latter half 
of 1913 and this year, N. Bohr,13 with the aid of Rutherford’s model 
of the atom and the quantum principle, has attained remarkable 
success in accounting for the series spectra of hydrogen and helium. 
’ 15. Ciifliths, A-oc. Lay. Sosoc., 1914, [ A ] ,  89, 561 ; A’., ii, 245. 
9 W. ‘Keriist ant1 E. Soliivvers, J’zkuwysbcr. K. ilkad. Ic’iss. Bcrlhh, 1914, 355 ; 
lo H. I<. Oiines, I’roc. A?, AXad. lb7c;cteizscIL. Awisterdain, 1913, 16, 673 ; A.,  ii, 
Phil. Mag., 1911, [vi], 21, 669 ; 1914, [vi], 27, 488 ; d . ,  1911, ii, 453 ; 1914, 
l2 A. V J I ~  den H r o ~ k ,  Ar(c tr iw,  1913, 93, 373, 476 ; F. S(~ddy, A‘rbii. Ecyort, 1913, 
l3 Phil. Mag., 1913, Ivi], 26, 1, 476;  1914, [vi], 27, 506 ; A , ,  1913, ii, 689, 943, 
A , ,  ii, 33;. 
163. 
ii, 323. 
2il. 
Compare A., 1913, ii, 748, 822. 
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6 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY, 
The hydrogen atom is regarded as a central nucleus charged with 
an atom o f  positive electricity and having a negative electron rotab 
ing round it in an orbit determined by the electrostatic attraction 
of the charges and the ordinary laws of motion. I n  his last paper, 
Bohr demonstrates that  the same results are obtlained for  an elliptic 
as for a circular orbit. We may, therefore, for simplicity consider 
only the special case of a circular orbit. From the classical 
mechanics it can be deduced that :  
in which W is the energy required to  remove the electron to 
infinity, e the charge of an electron, a the radius of the orbit, m 
the mass of the electron, icjl the mass of the central nucleus, and 
o the frequency of revolution. These equations impose no limita- 
tion on the values of o, and accordingly, if the motion of the 
electron is controlled entirely by the laws of Newtonian mechanics, 
the atom c m  only emit a continuous spectrum. I n  other words, 
the line spectrum can only be accounted for  by assuming the opera- 
tion of some principle which restricts the values of o to  definite 
magnitudes. Tho principle assumed by Bohr is that  2W must be 
a definite multiple of ho, ?i being Planck's constant. The analogy 
between this assumption and that' of Planck, namely, that  twice 
the mean kinetic energy of a resonator of period v is a definite 
multiple of hv, is, as Bohr points out, complete. Bohr's principle 
limits the magnitudes of W to the values of the expression: 
27r264rn M 
d h 2 (  'U + nz)' 
in which n is a whole number. 
The possible orbits are accordingly characterised by the whole 
numbers from 1 t o  m, and if the orbit changes from that come 
sponding with n= nl t o  that  corresponding with n = ~ 2 ~ ,  an amount 
Bohr assumes further that  this emitted energy is exactly one 
quantum; so that,, if  the period of the radiation is v, 
2T2e4?@f ( -- - -J. 1 
' = r 7 ~ 3 ( ~ + + )  n'z nl  
Now the Balmer series for hydrogen is given by: 
the  Paschen series by: 
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GENERAL AND PHYSICAL CHEMISTRY. 7 
and the recently discovered Lyman series by: 
2, = N ( h  - 2). 1 
Accordingly, if the numerical values of the spectroscopic constant 
are the same, Bohr’s theory is in accord with the 
observed facts. The actual value of N is 3-29 x 1015, whereas the 
calculated value of Bohr’s constant, using the most trustworthy 
valces of m, e,  and h, is 3.26 x 1015. 
The Helium Spectrum-The most striking confirmation of Bohr’s 
theory is afforded by a newly discovered series of lines belonging 
to the spectrum of helium. Two years ago, A. Fowler1* observed 
this series of lines in the spectrum of a mixture of hydrogen and 
helium. The lines are given by the general formula: 
3 $ e h  Jf 
and h y L U  + 7 4  
These lines were a t  the time attributed t o  hydrogen owing to the 
close relationship of the formula giving their frequencies to the 
formula f o r  Balmer’s series. They can, however, according t o  
Bohr’s theory, bs  given by a helium atom which has lost one of its 
two electrons, and Fowler, from strong evidence obtained indepen- 
dently, now holds the view that these lines must belong t o  the 
helium spectrum, as suggested by Bohr. Moreover, J. Stark15 has 
found that the line ~ 4 6 8 6  (the principal line in the above series) 
was emitted during the spark discharge through a helium tube 
which showed no trace of the hydrogen spectrum in any circum- 
stances. Furthermore, the N of this series differs slightly from the 
N of Balmer’s series, as it should, in accordance with the theory, 
owing t o  the mass of the nucleus of helium being four times that 
of hydrogen. Again, from the observed ratio of the two N’s the 
ratio of the mass of the hydrogen atom to that  of the electron can 
be calculated, and has been found by Fowler16 to be 1836, a 
number in extraordinarily good agreement with that  given by the 
best determinations of the constant. 
Other lines observed by Nicholson in the spectra of the stars 
are now on the evidence of Bohr’s hypothesis assigned to helium 
and lithium. 
It should here be mentioned that  W-. E. Curtis17 has recently 
measured with extreme accuracy the first six lines of the series 
spectrum o i  hydrogen, and from his results arrives at the conclu- 
14 Monthly Notices, Royal Ast. SOC., 1912, December, 73. 
l5 Ber. Deut. physiknl. Ges., 1914, 16, 468 ; A. ,  ii, 50. 
l6 Phi7. Trans., 1914, [ A ] ,  214, 225. 
l7 Proc. Roy. Soc., 1914, [ A ] ,  90, 605; A., ii, 761. 
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8 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
sion that  Balmer's formula does not afford an exact representation 
of the wave-lengths of the lines. The modified formula derived by 
Curtis is: 
in which N = 109679% and p = 0*0000069. The departure from 
Balmer's formula is therefore ve'ry slight. 
The X-ray Specira of the Elements.-When the metals are bom- 
barded by the cathode rays they emit continuous spectra and line 
spectsa of X-radiation. The radiation of any line can be reflected 
from the face of a crystal orily a t  a definite angle. From the 
magnitude of the angle of reflection the frequency of the line can 
be calculated by a simple formula. The method of analysing 
S-radiat'ion by reflection from the surface of a crystal was developed 
by W. L. and W. H. Bragg.18 
H. G. J. Moseley 19 has systematically examined the X-ray spectra 
of the elements from aluminium t o  gold. He  finds that  the X-ray 
spectra emitted by the elements contain corresponding lines, and 
tha t  the frequencies of the corresponding lines are given by the 
general formula : 
in which A and b are coiistants, the same for all the elements, and 
N is a whole number which characterises the element, and is 
identical with the number of the position of the element in the 
periodic table. F o r  two of the lines, K a  and La, A is given very 
v = A ( N - b ) ' ,  
closely by the, expressions (i3 - @)q, 1 and (k - k ) v o ,  in  wbi4.h vo 
is the Rydberg constant, and very nearly equal t o  Bohr's constant: 
2 4 0 4 n z  111 
-~ 
k,3( l n  + i w  ) * 
The constant b far the lines measured is less than one. A single 
electron revolving round a nucleus of charge N e  should, according 
to  Bohr's theory, emit radiation of frequency v ~ ( - ~ -  7 )P .  
Moseley advances the hypothesis t ha t  the X-ray lines arise from 
t.he rotation oi several electrons round the central nucleus, and 
that  b is a small term arising from the influence of the n electrons 
in the ring on each other. 
As J. W. Nicholson20 has pointed out, Moseley's theory implies 
a modification in Bohr's original hypothesis, since the assumption 
is made t'liat in the passage of the atom from on0 stationary state 
l9 Phil. Mag., 1913, [vi], 26, 1033; 1914, [vi], 27, 703 ; A . ,  ii, 14, 326. 
'Lo l b i d  , 1914, [vi], 27, 563 ; A , ,  ii, 325. 
1 1  
T11 n2 
AWL Ikport,  1913, 239. 
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GENERAL S N D  PHYSICAL CHEMISTRY. 9 
to another each elzctron in the ring evolves one quantum of energy, 
whereas Bohr’s theory definitely stipulates that  in such a change 
oiily one quantum of energy is radiated from the atom. 
What is certainly established by Moseley’s work is that  the 
L-ray spectra of the elements depend on the atomic number, and 
n o t  on the atomic weight; for example, in the list of the elements 
arranged according t o  their -X-ray spectra, cobalt and nickel do not 
appear in the order of their atomic weights, but in the order 
which must’ be assigned t o  them from a consideration of their 
chemical properties. 
Properties of Liquids and their Saturated Vapours: Latent 
Heats of Vaporisation. 
Considerable activity has been displayed during the year in 
attempts to discover relations between the physical properties of 
liquids and those of their saturated vapours. Several new formulx 
for the latent heat of vaporisation have been proposed. 
In 1902, 3. E. Mills?] expressed the view that the internal heat of 
vaporisation, that is, the difference between the heat of vaporisa- 
tion and the external work performed during evaporation is equal 
to the work done against molecular attraction in separating ’he 
molecules. He also assumed that  molecular attraction between t w i ,  
inolecules is inversely proportional t o  the square of the distance 
between the molecules 22 and independent of the temperature. 
From these hypotheses he deduced the formula: 
h’ being the external work, p a constant, and ths  suffixes 1 and 2 
referring t o  the liquid and vapour respectively. The formula 
undoubtedly corresponds very closely with the f acts.23 
J. Kendall24 has recently shown that the density of a liquid and 
that of its saturated vapour can both be represented accurately by 
simple empirical f ormulze involving only the critical constants, the 
temperature, and a constant peculiar to the1 substance. His expres- 
sions for  the densities of the liquid and vapour are respectively: 
and 
tlie suffix G referring to the critical point. 
L = A’ + p(dl+ - d,s), 
d,: - d,: = k l ( t ,  - t ) : ,  
cl,s - d,B = I t &  - t p ,  
g1 J. Phycicnl Chem., 1902, 6, 209 ; A . ,  1902, ii, 596. 
T2 The force of colicsion cannot follow the law of the inverse square of the  distance 
s t r ic t ly;  for, i f  such were tlir case, tile interim1 pressure would not be almost 
constant tliroughout the body of th- liquid, and variable oil1 y at the surface. 
2J J. Physical Chcm., 1906, 10, 1 ; A . ,  1906, ii, 216. 
Mcdd. K. Vet. Nobelinstitut, 1913, 2, No. 29 ; A. ,  ii, 101. 
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10 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
I f  the values for  d, and d2 obtainable from these fornuke are 
substituted in Mills’ expression for  the latent heat, the equation : 
L = E’ + klp(tc - t p  + k,p(t ,  - t y  
is obtained, and this is again closely in accord with the facts. A t  
low temperature, since the density of the vapour is negligible in 
comparison with that of the liquid, the above equation reduces to  : 
Rt 
L = g + k,p(t ,  - t p  + pdc4, 
and the necessary consequence of Nernst’s theory of chemical 
energy that - = 0 is fulfillcd if ~E,uM = 3RtC3. The latter relation 
is found to  be satisfied by normal liquids. 
It is noteworthy that  the above’ equations, which give the densi- 
ties of the liquid and vapour in terms of the temperature, the 
critical density, and the critical temperature, are inconsistent with 
the law of the: rectilinear diameter. 
Kendall finds that  the heat of vaporisation is given with a fair 
degree of accuracy by the simpler formula: 
d L  
dt 
L = k ( t  c - t)o*s‘. 
The above formulae are not applicable to associated liquids. Of the 
associated liquids water, methyl alcohol, ethyl alcohol, propyl 
alcohol, and acetic acid, water and methyl alcohol depart the least 
and acetic acid the most from the behaviour of normal liquids. 
D. Tyrer25 has advanced an empirical expression f o r  the latent 
heat of vaporisation differing slightly from the simple formula 
proposed by Kendall. 
Twenty years ago G. Bakker26 deduced, as a necessary conse- 
quence of van der Waals’ assumption that the total pressure of a 
fluid is given by the formula T=- the expression Rtlogc - 
for the lateat heat of vaporisation. The values of the latent heats 
calculated from the formula are in most cases more than 20 per 
cent. below the experimentally dekmined  magnitudes. Only in 
the case of the monatomic mercury is the formula found t o  be 
in accord with the facts. Therefore van der Waals’ expression for  
the total pressure of a fluid is (except for  substances the molecules 
of which are monatomic) inaccurate if b is taken as constant. 
I f  b is assumed t o  vary with the temperature only, M. P. Apple- 
Rt v,-E 
v - b’ v1 - b 
25 J. Phpical Chem,, 1913, 17, 717 ; A. ,  ii, 102. 
26 Zeitsch. physikal Cheni., 1895, 18, 519. 
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GENERAL AND PHYSICAL CHEMISTRY. 11 
bey and D. L. Chapman27 have shown that  the expression for the 
latent heat becomes: 
If b is assumed to  be a linear function of the temperature, the 
agreement between the experimentally determined latent heats and 
the values calculated from the above expression is, for non- 
associated substances, close. Furthermore, the ‘‘ coefficient of ex- 
pansion” with temperature of b is found to be approximately the 
same for all non-associated substances. Of the associated sub- 
stances, methyl alcohol, ethyl alcohol, propyl alcohol, and acetic 
acid, methyl alcohol departs the least, and acetic acid the most, 
from the behaviour of normal substances. As already mentioned, 
Kendall, with the aid of his empirical formula, arrived a t  the same 
conclusion. In  deducing the last-mentioned formula for the latent 
heat of vaporisation, the assumption was made that b is a function 
of the temperature only, that  its value is independent of the 
pressure, and that  it therefore has the same magnitude in the 
liquid and the gaseous phases. The assumption will require justi- 
fication, since it is apparently a t  variance with Richards’ views 
on the compressibility of the atoms. 
T. W. Richards28 has published an interesting non-mathematical 
discussion of the significance of the quantity b in van der Waals’ 
equation. Apart from its intrinsic interest, the paper is of value 
in that it contains many references to earlier work on the subject. 
The author draws the conclusion that, for carbon dioxide a t  1 ’ 1 5 O  
above the critical temperature, b is nearly constant until the gas 
is compressed to  the critical volume, and that  it then diminishes 
rapidly as the pressure is further increased. His comment on 
this striking conclusion is: ‘‘ There is no evident reason why b 
should change over a wide range of pressure until one reaches 
the neighbourhood of the bulk of b itself, whether the molecules 
are compressible or not. On the other hand, the sudden decrease 
of b under high pressure (when the volume of the gas has been 
brought almost down to the bulk of b ibelf) may indicate that  
then the entity represented by b is really being compressed.’’ 
H e  examines the data for the compressibility of helium and 
hydrogen a t  different temperatures and arrives a t  the remarkable 
conclusion that  b f o r  the former gas has a negative temperature 
coefficient of expansion. The author is careful to state that  the 
calculated valuw of the temperature-coefficient of expansion and 
the compressibility of b are dependent on the assumptions made 
27 T., 1914, 105, 734. 
28 J. Anisr. Cham. SOC., 1914, 36, 617; A., ii, 340. 
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12  ANNUAL REPORTS ON THE PROGRESS O F  CHEMISTRY. 
as to the nature of the forces of cohesion. J. J. van Laar29 has 
also discussed the deviations from van der Waals' ideal equation 
of condition, and has put forward the view that  these deviations 
are due to the variability of the quantity b with the volume and 
with the temperat'ure. He has shown what conclusions can be drawn 
from the assumption that b is a function of the volume. H e  has 
obtained some evidence for the view that  the variation of b with 
temperature is very slight a t  higher temperatures, but that  i t  
increases as the temperature falls. 
I n  a later paper 30 the same author arrives a t  conclusions which, 
if they can be confirmed by further research, will considerably 
simplify the problem of finding a general characteristic equation for 
non-associated fluids. I n  the first place, he concludes that the quan- 
tity a in van der Waals' equation is independent of the density 
over a very large range of volume. I n  other words, a t  the same 
temperature the molecular attraction in botk the gaseous and 
the liquid states can be satisfactorily represented by the expression 
n/G. I n  the second place, he advances arguments for the view 
that the quantity b is the volume occupied by the molecules and 
not, as van der Waals endeavoured to show, four times this mag- 
nitude. That in liquids at. low temperatures the quantity b cannot 
be much greater Lhan the! volume of the molecules is evident from 
the circumstance that, the density of the liquid is not much 
smaller than the density of the substance a t  a temperature very 
near t,o the absolute zero, when the molecules must be almost in 
contact with one1 another. 
It has been shown that the volume of a molecule as calculated 
from the critical constants is approximately the sum of the 
volumes of the constituent> atoms.31 The volume of an atom is, 
however, dependent t o  some extent on constitutive influences. 
Thus the volume of molecules for cyclic compounds, calculated from 
the atomic volumes derived from a consideration of saturated 
compounds, is larger than the volunie obtained directly from the 
critical const ants. 
T?Je Compressibility of Liquids. 
Amongst the dat8a most needed for  the elucidation of the nature 
of cohesion and the determination of the so-called (' effective 
collision-bulk " of the molecules are accurately determined values 
of the compressibility of liquids. 
D. Tyrer32 has recently completed an investigation of t he  
a Proc. I<. Akccd. l17clcizsch. Anistcm?nn?, 1914, 16, 808 ; A. ,  ii, 341. 
:+" Ibid., 17, 451 ; A.,  ii, 801. 
81 J. D. van der Wads, ibid., 16, 880 ; A . ,  ii, 342. 
32 T., 1913,103, 1675 ; 1914, 105, 2534. 
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adiabatic compressibility of several of the liquids, the physical 
properties of which have been most carefully examined in othar 
respects. The method he adopts is simple, and apparently capable 
of furnishing rkul ts  the maximum error of which does not exceed 
0.5 per cent. of the determined constant. The liquid is contained 
in a globe provided with a horizontal graduated capillary tube. 
Beyond the liquid the capillary tube contains a thread of mercury 
which prevents evaporation. To eliminate a correction due to the 
deformation o he globe, the pressure is applied simultaneously t o  
the inside and outside. On releasing the pressure, the alteration in 
volume can be obtained from t$e movement of the liquid meniscus 
in the capillary tube. The only correction which it is necessary to 
apply is that  due to the hydrostatic adiabatic compressibility of 
the glass. Numbers in excellent accord with one another were 
obtained with a glass and a copper globe. 
The isothermal compressibility was deduced from the adiabatic 
compressibility with the aid of the thermodynamic formula : 
in which kl and a are the isothermal and the adiabatic compressi- 
bilities respectively, and the other symbols have their usual 
significance. The values of 2 were obtained from Young’s 
extensive experimental data, and those of EP from several sources. 
The investigation discloses the fact that  a large number of com- 
pressibility data published by numerous authors as isothermal are 
in reality adiabatic, whereas other values, especially those obtained 
by the application of higher pressures, are intermediate between 
the true adiabatic and isothermal values. There can, in fact, be 
no doubt that  many previous investigators, amongst whom Quincke 
must be included, have ignored the effect of the rise of temperature 
which occurs when a liquid is suddenly compressed. Tyrer quotes a 
number of compressibilities, published by Quincke as isothermal, 
which differ but little from the true adiabatic compressibilities, 
but are, in most cases, as much as 40 per cent. below the true 
isothermal compressibilities. 
I n  con junction with Young’s determinations of the vapour 
pressure and of t<he densities of the liquid and vapour phases, 
Tyrer’s values of ths  compressibility will mat’erially assist in de- 
ducing the form of the general characteristic equation of fluids, and 
it is to be hoped that  the author will extend his investigations t o  
temperatures considerably above the boiling point-if possible to 
the critical temperature. 
d 
d t  
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14 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
Relations between the Phgsical Properties of Pure  and 
Mixed Liquids. 
The relations which have been observed between the specific 
inductive capacity and the latent heat? 33 and internal pressure 34 of 
liquids have been further investigated by W. C. M. Lewis.36 
An exact and simple relation between the vapour pressure and 
surface tension of mixtures of liquids has been discovered.36 
OpticaL and Magnetic Rotatory Dispersion. 
The accumulation of data relating to the phenomena of optical 
and magnetic rotation during the. last three o r  four years has been 
so immense that it is only possible in this short review t o  indicate, 
in the broadest outline, the advances which have been made in 
our knowledge of the more general problems that have arisen out 
of the labours of the numerous investigators, in this fertile field 
of research. 
Biot who, in 1815, discovered the property of optical rotatory 
power, observed that in general the rotation which the polarised 
ray experienced in its passage through the active material was 
greater the shorter the wave length; but that  there were exceptions 
to  the rule, a notable case being that of tart’aric acid in solution. 
It was this observation that  led to the distinction being made 
between ‘‘ normal ” and “ anomalous ” rotatory dispersion. The ..-. 
dispersion ratios UF of compounds of the former class vary 
betlween the limits 1*8-2*0, and are not, a,s a rule., altered t o  an 
[@I. 
appreciable extent by rise of temperature or dissolution. Hydro- 
carbons, most, alcohols, sucrose, and quartz belong to this class of 
substances. 
The rotation and the dispersion of the second class of substances 
are, however, considerably influenced by the temperature and the 
nature of the solvent, and therefore a substance that exhibits 
anomalous dispersion under some conditions may show normal dis- 
persion under other conditions. Those substances which behave 
normally under all conditions are classified as normal. There is 
reason t o  believe that in the extreme ultra-violet or ultra-red all 
substances would exhibit anomalous dispersion. 
There can be little doubt that  anomalous dispersion can arise 
from two causes: 
33 E. Obach, PhiL Mag., 1891, [v], 32, 113 ; A . ,  1892, 258. 
34 P. Walden, Zeitsch. physikat. Chem., 1909, 66, 407 ; A . ,  1909, ii, 547. 
35 Phil. Mag., 1914, [vi], 28, 104 ; A . ,  ii, 625. 
xi R. P. Worley, T., 1914, 105, 206, 273. 
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( a )  From the existence of a t  least two strong absarption bands 
in the spectrum of the substance under examination. 
( b )  From the substance consisting of a mixture of different kinds 
of normally dispersing molecules differing in rotatory dispmaion 
as well as in the sign of their rotation. 
Biot prepared such mixtures, and Arndsen in 1858 advanced 
the hypothesis that  the abnormality of tastaric acid was due to  
this cause. 
T h e  Ionic Theory  of Opticat and .Magnetic Rotatory Dispersion. 
A theory which has proved of inestimable value in the inter- 
pretation of the phenomena of optical and magnetic rotation is 
the electron hypothesis of Drude.37 I n  the development of the 
theory, the same assumptions are made as those postulated in 
the well-known theory of ordinary dispersion, together with the 
assumption that t’he free electrons are, on account of their being 
situated in an isotropic unsymmetrical medium, constrained to 
move in short helices twisted in the same direction with axes 
directed at random in space instead of in short, st’raight lines. 
The theory leads to t,he formula: 
in which a A is the rotation for the wavelength A, k, is a constant, 
and A, the wavelength corresponding with the frequency of the 
vibrating electron. I n  the above series, each term gives the 
magnitude of the effect of a single electron in the molecule on the 
rotation; so that, if a molecule contains TZ electrons vibrating with 
different frequencies, the complete characteristic equation of a 
substance composed of such molecules must contain n terms. It 
is important not to lose sight of the possibility that  a single electron 
in a molecule may have more than one period of vibration. 
Experimental Evidence of the  Validity of Dmcde’s Formula. 
The experimental evidence of the validity of Drude’s formula 
rests principally on determinations of the rotatory dispersion of 
quartz. It was with measurements of the rotatory power of this 
substance that Drude originally tested his theory. 
Two years ago, T. M. Lowry38 published the results of six years’ 
labour on the optical and magnetic rotation of quartz, and the 
work has since been continued in collaboration with T. W. Dick- 
S O ~ . ~ Q  The chief result of these investigations has been to show 
37 “ The Theory of Optics,” 1907. 
38 Phil. Trans., 1912, [ A ] ,  212, 261. 
st) Trans. Faraday SOC., 1914, 10, 96; A. ,  ii, 786. 
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16 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
that the rotfatory power of quartz from the wave-length 16,740 t o  
the wavelength 2327 is given with a maximum error of less than 
1 part in 25,000 by the formula 
43 kl 4 
= @ - A - + A 2 I p + p T p -  
The results must evidently be regarded as striking confirmation 
of Drude’s theoretical deductions. 
Normal Rotatory Dispersion. 
Considered in the light of Drude’s theory, the cause of the 
difference between (( normal ” and “ anomalous ” subst’ances be- 
comes more intelligible. Simple organic liquids, sucrose, quartz, 
etc., which belong t o  the first class, and for which the ratio [a], 
in all circumstances is not outside the limits 1*8-2*0, are sub- 
stances that have one or more predominating natural periods of 
vibration of the same sign in the uItra-violet. The optical and 
magnetic rotation of light in the visible spectrum for such sub- 
stances can be represented with a sufficient degree of accuracy by 
the one-term formula 
La](: 
k a=- 
A2 - A:’ 
[.IF ~:---: 
[ale - A; which clearly makes- = ~ - To avoid the ambiguities 
which arise from the use of the terms “normal” and ((anomalous 
dispersion,” Lowry proposes to distinguish between simple rotcxtory 
dispersion, which can be expressed by an equation with only one 
term, and complex rotatory dispersion, which requires for  its com- 
plete expression an equation containing at least two terms. I n  
making this classification, it is of course realise’d that the distinc- 
tion only applies to  a 1imite)d range of wave-lengths, and that even 
for this limited range the single-term formula could not express 
the rotatory dispersions within the limits of experimental error if 
the measurements could be made with the degree of accuracy which 
has been attained in the case of quartz. As might be expected, 
substances that exhibit simple rotatory dispersion are those which 
are most devoid of ‘(colour” at  the least refrangible end of the 
ultra-violet,. It has been shown by T. M. Lowry and T. W. 
Dickson40 that the rotatory dispersion of a large number of organic 
compounds in the homogeneous state can usually be expressed by 
the singleterm formula, and T. M. Lowry, R. H. Pickard and 
J. Kenyon 41 have shown that the simpler carbinols previously ex- 
4o T., 1913, 103, 1067. dl Ibid.,1914, 105, 94. 
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amined by Pickard and Kenyon follow the simple law a t  a tempera- 
ture of 20°. The degree of concordance with which the formula 
fits the facts is illustrated by tlie following table, taken from the 
paper by Lowry and Dickson : 
sec.-Ainyl alcohol.. . .. . 
sev. - He p t y  1 . . . . . . 
sec.-Nonj 1 ,) . . . .. . 
;uec.-Decyl , , ... . . . 
sec.- IJ ntlecyl , , . . . . . . 
.vec.-Hexyl , , , . . . . . 
SPC.-OCtyl ), .. . . . . , , 
.~cc.-Dodecyl ,, . . . , . . 
Red. 
ILiCd'' 
3708. 6438. 
0'642 - 
0-639 - 
0.638 - 
0,640 0.699 
0.637 - 
0'641 - 
0.643 - 
0'645 - 
Y el 1 ow. 
Na 
5893. 
0'846 
0.847 
0.847 
0.847 
0.846 
0 848 
0 850 
0'848 
Green 
<- 
Hg Cd 
5461. 5086. 
1'000 - 
1.000 1.169 
1.000 -- 
1*000 1.169 
1*000 - 
1'000 -- 
1'000 - 
1.000 - 
Blue. 
<-A-, Vi,det. 
Ctl Cd Hg 
4800. 4678. 4359. 
1'652 
1.331 - 1-653 
- - 1 '648 
1.329 1'409 1.653 
- 1 651 
1 %49 
I *651 
1 %53 
- -  
- 
- -
- -  
- -
-- -_ -- -- -- -- -_ -- 
1'651 
Calculated .......,. 0.644 0.702 0.848 1*000 1'168 1.329 1.406 1'651 
Average ............ 0'641 - 0.847 1*000 - - -  
ao=0'2746 ; h,2=0,0237. 
Lowry and H. H. Abram42 have devised a simple, practical 
method of testing if dispersion is simple or complex. 
A nomalous Rotadory Dispersion. 
I n  the neighbourhood of an active absorption band, rotatory 
dispersion is always anomalous. Near the absorption band, 
Drude's simple formula is not applicable. This is owing to the 
fact that  in developing the formula certain terms, the effect of 
which is appreciable only in the neighbourhood of an absorption 
band, are neglected. It can, however, be deduced from the theory, 
i f  these terms are retained, that  in the next neighbourhood 
of the absorption band the dispersion curve, after passing through 
a maximum, changes sign, and then passes through a second maxi- 
mum of the opposite sign. Furthermore, the theory requires that 
between the two maxima the phenomenon of circular dichroism 
(the unequal absorption of the two circularly polarised rays into 
which the original plane vibration can be resolved) should be 
observable. The double maxima and the dichroism a t  an absorption 
band were first observed by A. Cotton43 in 1896, and the plieno- 
menon is known as Cotton's phenomenon. The phenomenon has 
recently been further investigated by Cotton 44 and G. Bruhat 45 with 
Z-bornyl diplzenylthiourethane, discovered by L. A. Tschugaev.4ti 
42 Z'mats. AtrLzrlny S'oc., 1914, 10, 103 ; A . ,  ii, 786. 
43 "Recherches sur l'absorption et  la dispersion de la lomi8ie par les milieux 
44 Conzpt. reizd., 1911, 153, 245. 
4s 16id.) 248 ; A., 1911, ii, 829. 
46 Ber., 1909, 42, 2244; A , ,  1909, ii, 631. 
HE P.-VOL. XI. C 
don6s du pouvoir rotatoire. ') l'hdse, Paris, 1896. 
Trans. Faraday A'oc., 1914, 10, 71. 
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18 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
Cotton’s phenomenon can, according to the theory, become very 
complicated, and several of the deductions from the theory con- 
cerning i t  still await verification. 
Tschugaev has shown that  a very close parallelism holds between 
the absorption and the dispersion produced by active coloured sub- 
stances in different solvents, the absorption and the dispersion 
curves being always displaced in the same direction in passing from 
one solvent (toluene) to another (acetone). Yet it is by no means 
always the case that there is a complete parallelism between the 
presence of an absorption band and the appearance of anomalous 
dispersion in the visible spectrum,47 and, indeed, the electronic 
theory of dispersion would not lead us to expect that  such would 
be the case. Drude assumes that the dispersion electrons are con- 
strained by the asymmetric structure of the ether in which they 
are situated t o  move backwards and forwards in short helices, 
whereby a selective absorption of on0 of the circularly polarised 
components of the plane polarised light is occasioned. This 
selective absorption clearly depends on two factors, namely, the 
rate a t  which the electron absorbs energy from the ether, or its 
absorptive power, and the enantiomorphism of the space in which 
it is situated. Therefore the power of an absorption band to give 
rise t o  optical rotatory dispersion is dependent on t’he situation in 
the molecule of the electron to which thO absorption band is due. 
I n  other words, the value of a constant k in Drude’s formula, 
a = S -  ‘I’ depends on the number of electrons with natural 
A2 - x,2’ 
period A* in unit space, the position of each of these in the enantio- 
morphous molecule, and the absorptive power of each. The sign 
of Jc is positive or negative, according as the helix in which the 
electron corresponding with k moves is right-handed or left-handed. 
Anomalous dispersion can occur in a region of the spectrum 
remote from an absorption band. I n  this case, Drude’s approxi- 
mation formula can be used to  analyse the character of the dis- 
persion. It is obvious that f o r  anomalous dispersion of this class 
to occur, the formula expressing it must contain a t  least two terms. 
The examination of the equation : 
kl ‘2 
Q = h ” - + + X 2 4 , 2  
will disclose the fact that  a is a maximum a t  the wave-length A ,  
that  is, anomalous dispersion can occur if  
47 L. A. Tschugaev and A. Ogorodnikov, Zeitsch. physikal. Chem., 1913, 85, 481 ; 
A.,  ii, 8. 
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a condition which can be fulfilled when k, and k, are of opposite 
sign, and k2 > E ,  when A, > A,. 
Owing to the difficulty of obtaining data of sufficient accuracy 
t o  determine the four arbitary constants in the above equation, 
the attempt to interpret anomalous rotatory dispersion of the dass 
under consideration in the light of the electronic theory has been 
only quite recently undertaken. Lowry and Dickson have 
measured the rotations of dextrorotatory ethyl tartrate over the 
visible spectrum and in the ultra-violet, employing a column of 
the liquid 6 dcm. long, and have shown that  the readings can be re- 
presented with sufficient accuracy by the formula: 
10345 
X2 - 0.06 1’  
- 132.78 
X2 - W O d 6  
a =  
I n  accordance with the requirements of the formula, a maximum 
value of the rotation was observed a t  the wave-length 5780, and a 
zero value in the ultra-violet a t  4250, the lzvorotation having beeii 
traced as far as - 8 3 O .  
The view is held by some1 authorities that  the bands to which 
the anomalous dispersion of ethyl tartrate is due, belong to different 
desmotropic forms of the ester; that, in fact, the anomalous dis- 
persion is caused by the presence of two substances differing in 
rotatory dispersion as well as in the sign of their rotation. 
The influence of temperature and of solution on the rotatory 
dispersive power of substances has for many years claimed the 
attention of a large number o€ investigators, amongst whom may 
be mentioned Frankland, Winther, and in particular T. S. Patter- 
son. Until quite recently, the investigation of this problem has 
been restricted to  monochromatic light. Early in 1913, Pattersoil 
summarised the position of the subject.49 
Twenty years ago, it was thought that the temperatnre-rotation 
curve of a substance like ethyl tartrate, for example, became 
asymptotic €0 the axis of temperature. However, Frankland and 
Wharton observed that  a minimum rotation could be observed 
with ths  substance ethyl dibenzoyltartrate. Later, C. Winther,jo 
by the examination of the temperature-rotation curves of a numbw 
of substances, concluded that  a t  a definite temperature the rotation 
becomes a maximum in the case of each of the substances. Patter- 
son51 then demonstrated that  the maximum exists. Dilution of 
the active substance with an indifferent substance has the effect of 
moving the maximum through a range of temperature. I n  nitro- 
48 P., 1913, 29, 185 ; Trans. Paraday SOC., 1914,10, 96 ; A. ,  ii, 786. 
49 T., 1913, 103, 151. 
50 Zeitsch. physikal. Chem., 1902, 41, 176 ; A. ,  1902, ii, 589. 
51 T., 1908, 93, 1843. 
c 2  
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benzene, for instance, the maximum rotation of ethyl tartrate, 
which occurs a t  a temperature of about 1 7 5 O ,  moves rapidly towards 
a lower value as the solution beconies more dilute, the rotabion, 
a t  the same time, becoming gradually greater. Other solvents 
have the opposite effect; they cause t,he maximum t o  move bowards 
a higher temperature. It appears to be possible to explain the 
above results on the assumption that  the constants II: in Drude's 
formula vary continuously on dilution with an indifferent solvent 
or  on raising the temperature, whilst. the absorption bands remain 
fixed.62 
Of still greater interest is the relation between the temperature- 
rotation curves of light of different refrangibility. A family of 
such curves was plotted by P. Walden,53 the substances ex- 
amined being ethyl and propyl tartrates. The diagram for ethyl 
Eihyl tartrate. Rotation dispersion. 
Tern p e y a l w e .  
-80" -40" 0' 40" 80" 120" 160" 
tartrate, taken from Pattsrson's paper,54 is given above. It will 
he observed that the curves form an envelope. I f  the dispersion 
of the ester can be represented by Lowry's two-term formula, tlic 
envelope should lie entirely on one side of the axis of zero rotation 
and start very near this axis in the infra-red. 
Winther has published similar temperature-rotation curves for 
solutions of tartaric acid in water and in alcohol. The length of 
the envelope in the visible spectrum of such a series of curves is 
generally short. The region of the diagram which includes the 
envelope is designated by R. H. Pickard and J. Kenyon66 the 
region of anomalous dispersion. 
52 Lowry and Dickson, Zoc. eit. 
53 Ber., 1905, 38, 366 ; A , ,  1905, ii, 180. 
54 T., 1913, 103, 165. 55 Ibid., 1914, 105, 830. 
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H. E. Armstrong and E. E. Walker 56 have proposed a convenient 
diagrammatic method of representing the dispersive power of any 
one substance under varying conditions. On this diagram, the 
length of the ordinate represents the specific rotation. ‘(To con- 
struct the diagram characteristic of a substance, a reference line is 
drawn with a Slop0 of unity, and on this are plotted the various 
specific rotations of light of any one of the refrangibilities observed. 
The points for other refrangibilities are then plotted on the 
ordinates passing through the points previously located on the refer- 
ence line. The observations may be those ma’de either a t  different 
temperatures o r  in different solvents or a t  different concentrations.” 
When diagrams for methyl tartrate, ethyl tartrate, and 
2-nitrotoluene4-sulphonyltetrahydroquinaldine were constructed 
according to these directions, the points corresponding with light 
of one refrangibility were found to lie always on smooth curves 
(nearly straight lines), although t’he rotations were made from 
observations on the substance under the most diverse conditions, 
and although the curves crossed on0 another in such a manner as 
to enclose an envelope. To obtain the diagram f o r  ethyl tartrate, 
data published by C. Winther57 were used. These included deter- 
minations of the specific rotation of the ester in the pure state 
and in the solvents, formamide, water, methyl alcohol, ethyl 
alcohol, chloroform, and ethylene dibromide. 
The widest interpretation that  can be assigned to ths  generalisa- 
tion that  the specific rotation of a substance is given by a single 
family of curves is that  each of the constants in Drude’s formula 
is a function of a single parameter. This single parameter 
would, according to the views of Patterson, be the pressure on 
the molecule. The generalisation that  the specific rotation of a 
substance is in general a function of thhe wave-length and a single 
independent variable, is the outcome of the work of Patterson and 
Winther. Armstrong and Walker have suggested that  the esters 
of tartaric acid probably consist of mixtures of desmotropic forms. 
Two possible forms are: 
OH*QH*CO*OR and OH*YH*C(OR#): 0
They assume that the dispersion of each of these forms is normal, 
but that  one is dextrorotatory and the other lzevorotatory. A 
mixture of the two could then exhibit anomalous dispersion. 
OH* CH* CO *OR O H - C H ~ O R ) :  80 
If the dispersion formula of the one form is al = 
56 Proc. Aoy. SOL, 1913, [A] ,  88, 388 ; A., 1913, ii, 543. 
57 ZekwIL. physika7. Chcm., 1907, 60, 582;  A , ,  1907, ii, 831. 
that x - h,2’ 
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of the other a2 = ____ '2 and n is the ratio in which the two forms 
j+' 
are present in the mixture, then the dispersion formula of the 
mixture is 
and the mixture would exhibit anomalous dispersion if k, and k2 
were of opposite sign, and nlc,<(l -n )k2  when A ~ > % .  
Now it is well known that in the case of a substance which 
exhibits normal dispersion, the rotation varies but little and the 
dispersion scarcely at  all; so that, if ,  as Armstsong maintains, 
the desmotropes of tartaric esters are '' normal " substances, the 
quantities k,, k,, A,, A, can be taken as constant, and the single 
parameter in the formula for  the specific rotation of the ester is n, 
the ratio of the two desmotropia forms. 
G. Bruhat58 has shown that the specific rotation curves (the 
curves obtained by plotting wave-length against specific rotatory 
power) of fused and superfused tartaric acid a t  different tempera- 
tures are the same family of curves as the specific rotation curves 
of solutions of the acid of different concentrations in water and in 
mixtures of alcohol and water. This is another example of the 
law that the specific rotation is a function of the wave-length and 
a single variable, and Bruhat's 'explanation of the fact is the same 
as that advanced by Armstrong and Walker, namely, that  the acid 
is a desmotropic mixture. 
It has recently been shown by Tschugaev50 that anomalous 
dispersion may be produced by the superposition of the partial 
rotat'ions produced by two asymmetric complexes within the mole- 
cule of an active subst'ance, the necessary condition being, of 
course, that  these partial rotations should be of opposite sign and 
should possess different dispersion ratios. The truth of the pro- 
position was incontestably demonstrated by the application of 
van't Hoff ' S  principle of optJcal superposition 60 to  rotatory dis- 
persion measurements made with Z-menthyl d-8-camphorsulphonate 
and Z-menthyl Z-P-camphorsulphonate. 
That the anomalous dispersions of l-menthyl d-j3-camphorsul- 
phonate and ethyl t'artrate are separately due to absorption bands 
in a single substance, on the one hand, and to absorption by a 
mixture of desmotropic forms, on the other, can be shown to be 
58 Truns. Furaduy Soc., 1914, 10, 84 ; A , ,  ii, 787. 
59 Ber., 1911, 44, 2023; A . ,  1911, ii, 787. 
60 The departures from van't Hoffs principle observed in certain cases by 
Patterson (T., 1905, 87, 40 ; 1906, 89, 1884 ; 1907, 91, 705) are always small, and 
never of sufficient magnitude t o  invalidate Tschugaev's conclusions. 
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probable in the following way. 
rotation may occur a t  a wavelength A are given by: 
ThO conditions that maxima of 
in the case of the t'artaric ester, and 
ri /c 
(1 - n ) k 2  in the case of Tschugaev's ester. The quantity will have 
very different valuw in different solvents, whilst will be approxi- 
mately constant. Therefore, in the case of the tartaric ester, the 
maximum rotation should occur a t  very different wave-lengths in 
different solvents, but in the case of Tschugaev's ester, the maxi- 
mum rotsation should always be a t  approximately the same position 
in the spectrum. 
I n  agreement with this conclusion, the maximum rotation of 
Tschugaev's ester in solution in toluene, acetone, and chloroform is 
approximately at the wave-lengths 527, 486, and 472 respectively, 
whereas in the case of ethyl tartrata the wave-length of maximum 
specific rotation varies so enormously for solutions in different 
solvents that  it is only for a limited number of solutions that  it 
corresponds with light in the visible spectrum. R. H. Pickard 
and J. Kenyon61 have shown that  the simpler esters, 
CH3*CHR*C0,R1, all exhibit anomalous dispersion. Moreover, the 
dispersion is of the) class which can be explained on the hypothesis 
of a mixture of isodynamic forms. The forms may be due to  con- 
stit'utional differences in the carboxyl group, capable of repre- 
sentation by C<ll and C q O R  ,62 The authors have made 
the intere6ting discovery that all the esteirs have the same 
characteristic diagram, from which it can be inferred that  the 
corresponding isomerides of various members of the group of esters 
have the same o r  very closely relatled wavelength rotation formulze. 
They point out that  by plotting the characteristic diagram of an 
ester it is possible to discover if the active alcohol from which the 
ester was prepared has been completely resolved, incomplete resolu- 
tions being indicated by ths  characteristic diagram of the ester 
not fitting on the group diagram. They have also apparently 
solved the problem of determining in which of the two substituting 
reactions of a Walden inversion the change of configuration occurs. 
This is an achievement of first-rate importlance. The following is 
the examp13 cited by the authors: " Octan-6-01 with [a]: + 9.9' 
0 0 
O R  
81 Z'., 1914, 105, 830. 6a Ida Smedley, ibid., 1909, 95, 231. 
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corresponds with /3-bromo-octane with [u]? - 27*5O, which can be 
reconverted into the alcohol. Apparently, this lavorotatory 
bromide does not fit on the ‘group ’ characteristic diagram for  
the d-octyl derivatives, but  will do on a diagram which is the 
mirror image of the one illustrated, so permitting the inference 
that a change of configuration has taken place during the replace- 
ment of hydroxyl by bromine (by means of the action of hydrogen 
bromide).” 
Although some valuable generalisations concerning the influence 
of constitution on the rotatory power of organic substances have 
been made from a study of the subject with sodium light, modern 
work clearly indicates that  more rapid and certain progress will 
be gained in this important branch of the subject by the study 
of the compounds under more diverse conditions, employing mono- 
chromatic light of different wave-lengths covering the range of 
the spectrum. Amongst the most important achievements obtained 
with the use of sodium light may be mentioned: 
(1) Tendency of the chain in homologous series to return upon 
itself a t  certain fixed points;63 
(2) The effect of unsaturation; G4 
(3) The effect of distance from the centre of asymmet,ry; 
(4) Superposition of the effect of several centres of asymmetry 
(5) The comparative influence of aromatic and fatty groups.65 
in the molecule, and 
Magttetic Rotatory Power and Wiedemann’s Law. 
Negative magnetic rotations are confined to a small range of 
metallic compounds, and therefore anomalous magnetic dispersion 
in a region of the spectrum remote from an absorption band is 
not t o  be expected in the case of organic compounds. This fact 
alone is sufficient to indicate that  there cannot be a general simple 
relationship between magnetic and optical rotatory powers. How- 
ever, more than half a century ago, G.  Wiedemann, from experi- 
ments with turpentine, concluded that  the ratio of the magnetic 
and the optical rotatory powers of one and the same substance is the 
same for light of all refrangibilities. E. Darmois 66 concludes from 
measurements of the optical and magnetic dispersion of compounds 
of the terpene series that  “ t h e  law of proportionality is quite 
inexact, and that’ Wiedemann’s result was the result of pure 
chance ” ; moreover, he concludes that, since normal magnetic dis- 
63 P. F. Frankland ant1 a. H. Pickard mid J. Kenyon, T. 
fj5 Knpe and Hilditch have coiitrilsuted to the Faraday Society (Zoc. c i t . )  important 
66 A m .  C h i m  Phys., 1911, [viii], 22, 247, 495 ; A , ,  1911, ii, 352. 
T. P. Hilditch T., and H. Rupe, Annalen. 
summaries of paqt work on constitntion and rotatory power. 
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persion can accompany anomalous optical dispersion, “ Wiede- 
mann’s law has no longer any manner of significance.” L O W ~ ~ ~ ~  
assails Darmois’ unqualified denial of Wiedemann’s law. He finds 
that  the law holds almost within the limits of experimental error 
for  quartz, as may be seen from the following numbers: 
Li . Ka. H a .  Cd. Cd. Hg. 
Wave-length ............ ..... 6708 5893 5461 5086 4800 4359 
Dispersion { magnetic .. ... 0-646 0’851 1.000 1.167 1.318 1.627 
ratios oiitical ......... 0.648 0 851 l ” l 0  1.164 1.319 1.627 
The fact that  Wiedemann’s law cannot hold for organic liquids is 
obvious from the circumstance that the magnetic rotatory dispersion 
of all organic liquids is normal, whereas the optical rotatory dis- 
persion, more often than not, shows marked anomalies.68 I n  tartaric 
acid, for example, the optical rotatory power is given by the 
formula a = L + n9 in which k, and k, have opposite 
signs, whereas the) magnetic rotatory power is given by a one-term 
formula or, more probably, by a two-term formula, in which h, and 
A, have the same value as in the optical dispersion formula, whilst 
12, and k ,  have the same sign, but assume values different from 
those of the corresponding constants in the optical formula. 
Lowry, Pickard, and Kenyon suggest that  it is possible that 
Wiedemann’s law will be found t o  be true for all optically active 
crystals in which the activity is caused solely by the arrangement 
of the molecules. 
ko k, 
A‘ - A,,‘ A* - A, 
The Mechanism of Electrical Conduction. 
C. A. Kraus69 has continued his work on the solutions of metals 
in liquid ammonia. He has shown that it is highly probable that 
concentrated solutions of sodium in this solvent contain negative 
electrons, which partake in the process of conduction through the 
solutions. These solutions apparently bridge the gap between 
metallic and electrolytic conductors. 
Determined efforh have again been made to disentangle the 
numerous factors which influence the conductivity of solutions, in 
order to prepare the way to determining the proportion of ions in 
such solutions, and t o  discovering the exact law of equilibrium 
between ions and the uncharged molecules from which they are 
derived. There is apparently a growing belief in the validity of 
the law of mass-action for solutions, of sufficient dilution, of all 
electrolytes, whether strong or weak. 
ri7 Phit. Trans., 1912, [A], 212, 261. 
58 T. M. Lowry, R. H. Pickard and J. Kenyon, T., 1914, 105, 94. 
J. Anzer. Chcni. Soc., 1914, 36, 861 ; A . ,  ii, 520. 
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The difficulty of estimating the conductivity of highly diluted 
solutions arises from the uncertainty as to  the right correction to be 
applied for the conductivity of the solvent. S. Arrhenius70 dis- 
cusses this correction. H e  shosws that if the conductivity of the 
solvent is due to carbonic acid, the usual method of correction is 
theoretically right if  the electrolyte is an acid stronger than acetic 
acid or  a salt of a strong acid. I f ,  however, the electrolyte is a 
salt of a weak acid, the correction to be applied is less than the 
conductivity of the solvent, and depends on -, where L is the 
ionisation-constant of the acid and c the concentration of the salt. 
With the aid of Kohlrausch and Maltby's conductivity measure- 
ments on sodium chloride and sodium nitrate, it is shown that. 
a t  the highest degrees of dilution the conductivity data are in 
harmony with the law of mass-action. For  both salts, the ionisa- 
k 
c 
a2 tion-coefficient k= ~ - is equal to1 0*024. Arrhenius expresses 
(1 - a)v 
the view that a t  a sufficiently great dilution the ionisation of all 
electrolytes is in accord with the law of mass-action. The same 
assumption is implicitly made in the general formulae which have 
recently beer proposed t o  connect a, the ratio of the equivalent 
conductivity, A, to the equivalent conductivity a t  infinite dilution, 
A, with the concentration. Of these formulae, that  of Kraus and 
Bray was mentdoned in last year's Reports. That advanced by 
J. Kendall, namely,71 
1 - a  -- - K +  
( I  - a ) v  a '  
has been further tested by its author with the aid of conductivity 
data of concentrated solutions of weak acids.72 He finds that the 
formula is not valid for such solutions, and he proposeis a new 
dilution law for weak acids, which is expressed by the equation 
a2 ____ cs= K, in which cs is the concentration of the solvent in the 
( I  - a ) v  
solution. H e  claims to have shown that the ionisation-coefficient 
is influenced by two factors, namely, the total concentration, which 
causes the coefficient to  diminish as the concentration is increased, 
and the ionic concentration, which has the opposite efiect. That 
the latter factor is operative in the direction indicated has all 
along been the expressed opinion of most authorities. 
a2 
With regard t o  the estimation of 
in the more concentrated soflutions, 
7O Medd. K. Vet. Nobrlinstitut, 1913, 2, No. 
72 M d d .  K. Vet. Nobslinstitut, 1913, 2, No. 
T., 1912, 101, 1275. 
SOC., 1914, 36, 1069 ; A., ii, 544. 
the concentration 
one of the chief 
42 ; A.,  ii, 93. 
38 ; A.,  ii, 93; and J .  
of t,he ion 
difficulties 
Amer. Chem. 
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has been to know what correction to apply for the viscosity of the 
solution. This question has been recently discussed very fully by 
C. A. Kraus,73 who in his treatment of the subject has considered 
practically the whole existing experimental material. H e  comes 
to the important conclusio'n thad viscosity chaiLge af fects  t h e  same 
ions d i f f e ren t l y  w h e n  the viscosity change i s  brought about  by  
di f ferent  caases. Thus, the mobilitJes of the ions of sodium chloride 
are proportional to the fluidity when the change in the latter is 
occasioned by a change of pressure, but t'he mobilities diminish 
less rapidly than the fluidity when the change is brought about by 
an alteration in concentration of the electrolyte. The author con- 
siders the correction which should be applie'd when the change in 
viscosity is brought about by: (a)  the change in concentration of 
the dissolved electrolyte; ( 6 )  the dissolution of some non-conduct- 
ing substance, such as sucrose, to the solution; ( c )  change of 
pressure; and (d) change of temperature. I n  investigating the 
effect of viscosity due to cause (a) on the mobility of the ions, i t  
is essential t o  know the law of ionisation. This is assumed to be 
given by the e,quation *=K + D(ca)m, previously proposed by 
c ( l  -a) 
Kraus and W. C. Brayi74 which has been shown t o  apply t o  con- 
ducting solutions in all solvents a t  dilutions below those for  which 
i t  is necessary to apply a correction for viscosity. It is found that 
for a limited class of salts a value of u satisfying the above equation 
can be obtained from the expression*, in which A and A, are re- 
AOrlO 
spectively the equivalent conductivity of the solution and the limit- 
ing equivalent conductivity, and and 77" are the viscosities of the 
pure solvent and the solution. Salts of this class are those of 
which both the ions have high mobilities, such as potassium iodide. 
Dilute solutions of these salts in water possess a viscosity less than 
that of pure water. I n  the case of salts of which one or both 
of the ionic mobilities are small, the expression .!?- givm a value 
A,,% 
of a which a t  the higher concentrations is greater'than the values 
deduced from the equation of ionisation. I n  other words, the 
mobilities of the ions are proportional to the fluidity only when 
the change of fluidity is cause'd by the introduction of particles 
the dimensions of which are not greatly different from those of the 
molecules of the solvent. 
The latter generalisation is supported by W. H. Green's75 deter- 
73 J. Amer. Chent. SOL, 1914, 36, 35 ; A . ,  ii, 90. 
74 B i d . ,  1913, 35, 1315 ; A., 1913, ii, 914. 
75 T., 1908, 93, 2049. 
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minations of the equivalent conductivities at infinite dilution of 
solutions of salts in mixtures of water and non-electrolytes. For 
such solutions, Green has shown that h,7P is a constant, the value 
of p being less than unity when the non-electrolyte is sucrose, but 
almost equal to unity when the non-electrolytes are substances 
of smaller molecular weight-glycerol and carbamide. 
The inferences drawn by the author from the influence 
of temperature on the viscosity of water and on the limiting 
equivalent conductivity of solutions of salts in water are interest- 
ing. J. Johnston76 has shown t'hat the A, values of the different 
ions can be expressed as the simple exponential function, fP, of 
the fluidity, f, of the pure solvent. The values of p for the larger 
and less mobile ions, such as the acetate ion, are almost unity, 
whilst those for  the more rapidly moving ions are less than unity, 
the order of the ions, arranged according to increasing mobility, 
being, with one or two exceptions, identical with the order of 
decreasing values of p .  Accordingly, as the temperature is raised, 
the mobilities of all the ions approach the same value, that  is, all 
the ions tend t o  become of equal size. Now, as the mobilities of the 
larger ions (the acetate and the sodium ions, for example) increase 
a t  the same rate as the fluidity of water, it is unlikely that  such 
ions alter much in size. It is more probable that the smaller ions 
grow and become more nearly equal in size t o  the larger ions as 
the temperature is raised. This increase in size can only be ex- 
plained by an increasing tendency to become hydrated. Accord- 
ing t o  Kraus, the size of an ion increases, and depends more on 
the charge and less on the intrinsic nature of the ion as the 
temperature is raised. The above conclusions as to the effect of 
temperature on the hydration of the ion ought to be capable of 
being verified by independent experimental evidence. 
Very comprehensive investigations have been published on the 
conductivity and viscosity of solutions of various strengths of the 
chloride, bromide, iodide, and nitrate of rubidium in mixtures of 
acetone and water a t  temperatures ranging from 1 5 O  to 45O,77 and 
on the fluidity and conductivity of sodium iodide and potassium 
iodide in mixtures of alcohol and water a t  temperaturm ranging 
from 1 5 O  to 35O.78 
Although i t  has been known for some years that every solvent 
has the power of ionising salts dissolved in it, i t  is still customary 
to speak of the solvents with low ionising power as non-ionising 
76 J. Amer. C'hanz. Xoc., 1909, 31, 1010 ; A . ,  1909, ii, 854. 
77 P. B. Davis, I I .  Hughes, and H. C. Jones, Zcitscli. physikal. Chenz., 1913, 85, 
78 E. P. Wightmnn, I?. E. Davis, A. Holmes, and H. C, Jones, J, Chim. p h p . ,  
513 ; A , ,  ii, 20. 
1914, 12, 385 ; A. ,  ii, 714. 
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solvents. P. Walden79 gives an exhaustive summary of the work 
in this subject, and also an account of the result of his owu 
measurements on solutions of various tetra-alkylammoiiium salts in 
a number of different solvents. His results point t o  the conclusions 
that in general the Nernst-Thomson rule is obeyed, and that  the 
molar-conductivity curves, although apparently exhibiting extreme 
dissimilarities, can be regarded as modifications of the same typical 
form. 
The typical curve and its extreme modifications are satisfactorily 
explained by the theory of Kraus and Bray,8* according to which 
the law of ionisation changes from the law of mass-action in dilute 
solutions to a law represented by Arrhenius’ equation, 
~- (Ca)2 -- ~ ( c a ) ’ n ,  in concentrated solutions. 
c( 1 - a) 
Another investigation which tends t o  confirm the validity of 
Kraus and Bray’s ionisation formula is that  of A. Sachanov and 
J. Prscheborovski.81 From determinations of the molecular conduc- 
tivity of salts in various solvents of low dielectric capacity, they 
find that the fall of molar conductivity on dilution is given by 
the equation &vn=constant, and this is precisely the form to 
which Kraus and Bray’s equation reduces by approximation 
at  the concentrations investigated. 
It is obvious that  the law of equilibrium between the ionised 
and non-ionised parts of a salt in a concentrated solution of a salt 
differs more widely from the law of mass action as the value of 
m in Kraus and Bray’s equation for the ionisation becomes 
greater. Purthermore, Kraus and Bray have shown that as the 
dielectric constant decreases the value of m increases. Accord- 
ingly, the departure from the law of mass-action observed in the 
ionisation of electrolytes is great.er when the dielectric constant has 
a small value, that  is, when the attractioii between the ions due t o  
their electrostatic charges is large. There exists, tlieref ore, strong 
evidence for the view that the electrostatic forces between the ions 
det,erinine in a large measure the degree of ionisation. If this 
view were correct, a salt should ionise to a greater extent in a solu- 
tion of another ionisable salt than in the pure solvent, and this 
should be especially the case in weak dielectric solvents. 
A. Sachanovs2 has tested this deduction by carrying out a series 
of electro-conductivity measurements with mixtures of electrolytes 
in solvents of low dielectric constant. H e  finds that when the 
dielectric constant of the solvent is low, the determined specific 
l9 Bull. Acnd. Sci. X t .  I’e’terdourg, 1913, 907, 987 : A . ,  ii, 21, 91. 
Loc. cit., see also S. Arrhenius, T., 1914, 105, 1414. 
81 Zeitsch. Elektrochem., 1914, 20, 39 ; A. ,  ii, 92. 
8’L Zeitsch. yhysiknl. Chem., 1914, 87, 441 ; A . ,  ii, 419. 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
14
. D
ow
nl
oa
de
d 
by
 N
or
th
ea
ste
rn
 U
ni
ve
rs
ity
 o
n 
28
/1
0/
20
14
 1
5:
55
:5
4.
 
View Article Online
30 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
conductivity of the mixture is always larger than that calculated 
from the single conductivity values-in some cases as much as six 
times as large. The increase in the conductivity is greater the 
smaller the dielectric constant of the solvent, and solutions of 
two salts wit'h a common ion in these solvents also show an in- 
creased conductivity. Theref ore, in solvents of small dielectric 
constants electrolytes exert a dissociating action on one another. 
It is well known that Arrhenius83 discovered that the rate of 
inversion of sucrose by weak acids is greatly augmented by the 
addition of neutral salts, and that he attributed the effect t o  the 
enhancement of the ionisation of the acid by the presence of the 
salt. J. W. McBain and F. @. Coleman84 have, however, shown 
that the effect observed by Arrhenius can be fully accounted for 
by the catalytic effect of the molecules of undissociated strong 
acid produced by the interaction of the hydrogen ions of the weak 
acid and the anions of the salt. It may therefore be concluded 
that the addition of a highly ionised salt to  a weak acid in solu- 
tion in water does not appreciably affect the ionisation-constant of 
the latter. It should be here mentioned that G. S. Walpole's85 
accurate measurements of the hydrogen potentials of mixtures of 
acetic acid and sodium acetate tend, on the whole, t o  confirm the 
conclusion of McBain and Coleman. 
The anomalous behaviour of strong electrolytes in aqueous solu- 
tion cannot be accounted for entirely by the direct effect of the 
electrostatic attraction of the ions. The immediate result of 
the attraction would be the reduction of the activity of the ions, 
and this should cause the determined lowering of the freezing point 
to  be less than that  calculated from the degree of ionisation (as 
estimated by the conductivity met'hod), whereas, in point of fact, 
the lowering of the freezing point is in most cases a little above 
the calculated value. 
Moreover, the product of the concentration of the ions of a 
saturated solution of a sparingly soluble salt, in the presence of a 
salt with a common ion, is much more nearly constant than the 
concentration of the undissociated portion of the salt, and this 
proves that the activity of the ions decreases much less than the 
activity of the undissociated portion of the salt increases with 
increasing concentration.86 
83 Zeitsch. physikal. Chem., 1899, 31, 197 ; A. ,  1900, ii, 201. 
86 A. A. Noyes, C. R. Boggs, F. S. Fnrrel, and M. A. Stewart, J. Amer. Chem. 
Soc., 1911, 33, 1650 ; A. ,  1911, ii, 1074 ; A. A. Noyes and W. C. Bray, J. Amer. 
Chem. SOC., 1911, 33, 1643; A. ,  1911, ii, 1074; A. A. Noyes and K. G. Falk, 
J. Arne?,. Chem. SOC., 1910, 32, 1026 ; 1912, M, 485 ; A. ,  1910, ii, 929 ; 1912, ii, 
527 ; J. Walker, Brit. Ass. Rcports, 1911, 81, 349. 
T., 1914, 105, 1517. *5 Ibid., 2501. 
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C’ondactbity of MolterrL rind Vaporised Salts. 
Three important papers have appeared during the year, namely, 
one on the conductivity of the vapo,urs of salts87 and two on the 
conductivity of fused salts.88 
Ionic Equilibria and Electrical Potential Across Semi-permeable 
Membranes. 
F. G. Donnan, in collaboration with G. M. Green89 and A. J. 
Allmand,go has continued the investigations on his theory as to 
the conditions of ionic equilibrium in the neighbourhood of a semi- 
permeable membrane. 
I f  two solutions of a salt KA1 of ionic concentrations C ,  and C, 
are separated by a semi-permeable membrane which freely permits 
the pa&sage of the cation, but intercepts the anion, the difference of 
potential between the two sides of the semi-permeable membrane 
is given by the equation 
T2-7rl=E log 2, C 
nP C, 
if it is assumed that the osmotic pressure of the ions is given by the 
laws of ideal solutions. 
The membrane was composed of copper f errocyanide deposited 
in parchment, and the solute was potassium ferrocyanide. B0t.h 
solutions were coupled with calomel electrodes, as shown below, 
(1 1 (2)  
and the E.M.F. of the cell thus formed was determined. A similar 
cell without a separating membrane was then constructed, and its 
E.M.F.  determined. I f  Ae denotes the measured difference of 
E.M.F. of the two cells and Ed the “diffusion potential” of the 
two potassium ferrocyanide solutions, E,n is given by the equation 
E,=he+Ed.  
The discrepancies between the values of Em found experimentally 
and those calculated from the formula were not inconsiderable. 
There was some indication that  these could be ascribed to un- 
certainty in the calculation of E d .  
The following deduction from the general theory of solutions 
has also been tested experimentally. I f  both ions of a salt can 
h’d was calculated from the usual formula. 
87 S. J. Kalandyk, Proc. Roy. Soc., 1914, [ A ] ,  90, 634; A. ,  ii, 763. 
88 P. Walden, Bull. Acad. Sci. St. Pt?tersbourg, 1914, 405 ; A . ,  ii, 330; and C .  
89 Proc. Roy. Xoc., 1914, [ A ] ,  90, 450 ; A , ,  ii, 705. 
Tubandt and E. Lorenz, Zeitsch. physikal. Chem., 1914, 87, 513 ; A.,  ii, 516. 
T., 1914, 105, 1941. 
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32 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 
freely move from one position to another in a solution, the pro- 
duct of the concentrations of both ions will be the same in both 
positions when equilibrium is established i f  the laws of ideal solu- 
tion hold, and if  the variation in concentration of both of the 
ions is solely due to a difference in electrical potential. The 
theorem was tested by allowing potassium chloride to come to 
equilibrium on both sides of a semi-permeable membrane of 
copper ferrocyanide, the differences of potential between the two 
sides of the membrane being established by the addition of 
potassium ferrocyanide to the solution on one side only. The ionic 
products, [KO] [Cl'], on both sides of the solution were found t o  be 
nearly equal when the difference between the total ionic concentra- 
tion on the two sides was small, but when this condition was not 
fulfilled, considerable diff erenca in the values of the two products 
were observed. The authors show that the discrepancies are largely 
due to the departure of strong electrolytes from the laws of ideal 
solutions. 
ThO latter investigation demonstrates almost conclusively that 
the product of the ionic concentrations of the diffusible salt is 
greater on that side of the membrane on which the total ionic con- 
centration is greater, and that a rise in the value of the product 
of the ionic concentrations is accompanied by a proportionately 
greater fall in the concentration of the non-ionised portion of the 
salt. This result is in  complete conformity with the conclusions 
drawn from experiments on the solubility of sparingly soluble salts 
in solutions of salts containing a common ion, and, taken in con- 
junction with the determinations of the freezing points of dilute 
solutions of salts and the law of isohydric solutions, i t  indicates 
that  the activity of an ion of a salt becomes less, and that of the 
undissociated molecule greater, as the total ionic concentration 
increases, the rise of the latter and the fall of the former being 
such that the total osmotic pressure is almost the same as that 
calculated from the total number of molecules (salt molecules and 
ions) present in unit volume of the solution on the assumption 
that the laws of ideal solutions hold. 
Determination of t h e  Electric. Potential of the  SoEutio?t of a 
S d t  in Water or AIcohol. 
It is usually assumed that, i f  the potential of a rapidly form- 
ing surface of mercury in a solution of a salt is the same as the 
potential of mercury a t  rest in the same solution, the potential of 
the mercury is the same as that of the salt solution. Some 
results91 obtained with the dropping electrode have just been pub- 
lished which appear t o  show that this fundamental assumption is 
yy E. Newbery, T., 1914, 105, 2553. 
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hot even approximately true. Solutions satisfying the experi- 
mental requirement, that  the difference of potential between the 
dropping and still mercury should be zero, were prepared by add- 
ing alkali sulphide and alkali cyanide to solutions of potassium 
o r  sodium chloride. When these solutions were employed to deter- 
mine, in the usual way, the absoluts potential of the calomel elec- 
trode, the results obtained depended upon whether alkali cyanide 
or alkali sulphide had been used to prepare the solutions. The 
discrepancies were much too large to be accounted for by boundary 
diffusion potentials. 
Catalysis in Chemical Act ions  in Gmes. 
The publication of the work of Dixon and Croftsg2 on the firing 
of gases by adiabatic compression has clearly brought to light a 
new phenomenon, namely, the surprising effect of an excess of 
oxygen in promoting the combustion of electrolytic gas. The 
authors have determined the ignition-temperature of electrolytic 
gas and of mixtures of electrolytic gas with varying proportions of 
oxygen, hydrogen, and nitrogen by determining the minimum com- 
pression required to  bring about combustion. The ignition- 
temperature of a mixture of hydrogen and oxygen in the propor- 
tion in which they combine t o  form water was 526-527O. The 
addition of nitrogen or hydrogen to the electrolytic gas raised the 
ignition-temperature. The effect of oxygev was the opposite of 
that  observed with nitrogen or hydrogen-the addition of oxygen 
resulted in the lowering of the ignition-temperatures. There was 
a continuous fall in the ignition-point as oxygen was added until 
its volume was eight times that  of the hydrogen. The phenomenon 
is not easy to  explain. It is not likely that the striking contrast 
in the specific effects of nitrogen and hydrogen on the one hand, 
and of oxygen on the other, can be accounted for by the greater 
total radiating and conducting powers of the former gases. It is 
suggested by the authors that  possibly the activity of oxygen a t  
higher concentrations might be explained if oxygen formed some 
active polymeride under these conditions, or if  the concentration 
of the oxygen brought about ionisation of the hydrogen molecules. 
Mallard and Le Chatelier, and also Falk, stated that  the addition 
of oxygen to electrolytic gas lowers the temperature of ignition. 
Their results, however, can scarcely be considered as having estab- 
lished the fact, inasmuch as their methods of experimenting were 
vitiated by grave sources of error, as shown by the discrepancies in 
their results and by the more complete knowledge of the correct 
conditions of experimenting gained from the investigations of 
Dixon, Coward, Bradshaw and Crofts. D. L. CHAPMAN. 
sz H. B. Dixon and J. M. Crofts, T., 1914, 105, 2036. 
REP.-VOL. XI. D 
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